Abstract: A canola (Brassica napus L.) experiment to determine the effect of unconventional or novel inputs compared with standard and increased seed and nitrogen rates was conducted at 14 different Alberta and Saskatchewan, Canada sites in 2013 and 2014. All treatments were compared to a "best management practice" (BMP) treatment with canola seeded at 100 seeds m −2 and fertilized according to soil test recommendations. Canola density across all sites averaged 56 plants m −2 and increased to 76 plants m −2 at 150 seeds m −2 . Flowering and maturity time were both decreased when 25% less nitrogen was applied in the side-band at seeding. Compared to the BMP treatment, there were trends for lower yield (P = 0.0528) when side-banded nitrogen was reduced by 25% at seeding time or for higher yield (P = 0.0530) when 25% more nitrogen was added as a foliar treatment at the bud stage. Canola yields were generally economically optimized in the BMP treatment at soil test recommended nitrogen rates. Increasing the seeding rate from 100 to 150 seeds m −2 did not increase canola yield; however, it did decrease % green seed enough to potentially affect canola grade and economic returns. Increasing or decreasing nitrogen fertilizer compared to BMP often decreased or increased seed oil concentration, respectively, and had the opposite effect on seed protein concentration. Despite incurring additional costs compared to the BMP treatment, none of the novel inputs impacted canola emergence, days to flowering, days to maturity, yield or quality.
Introduction
High yielding canola is dependent on favourable environmental conditions, agronomic inputs, and management. Adequate and uniform precipitation (Harker et al. 2015b ) and the avoidance of high temperatures during flowering and pod development (Nuttall et al. 1992; Polowick and Sawhney 1988; Young et al. 2004; Kutcher et al. 2010; Harker et al. 2012b ) allow canola to achieve high yield. Early seeding (Dosdall et al. 1996; Kirkland and Johnson 2000; Clayton et al. 2004) and early time of weed removal (Clayton et al. 2002; Harker et al. 1999 Harker et al. , 2008 Martin et al. 2001 ) both favour high canola yields. Planting sufficient seed is also important to achieve adequate plant densities for optimal canola yields (Harker et al. 2003 (Harker et al. , 2012b Brandt et al. 2007; Hanson et al. 2008) . Balanced soil nutrients are key canola yield determinants (Grant and Bailey 1993; Karamanos et al. 2005) ; nitrogen is particularly important (Cutforth et al. 2009; Smith et al. 2010; Blackshaw et al. 2011; Harker et al. 2012b) .
Crop input usage is influenced by crop and input prices, perceptions about input efficacy, and grower attitudes towards innovation and risk. Standard inputs such as nitrogen and hybrid seed are indispensable to achieve canola yield targets (Brandt et al. 2007; Harker et al. 2003 Harker et al. , 2012b . Inputs such as fungicide may improve canola yields in some situations but not others (Brandt et al. 2007; Harker et al. 2012b) . When canola prices are relatively high, growers become interested in higher rates of standard inputs that may further increase yields and profits. Furthermore, with more favourable crop prices, producers may also become more interested in less conventional or novel inputs such as micronutrients, "stress relief ", and "crop stimulation" products. For example, boron use has been gaining in popularity by canola growers in spite of research that indicates a low probability for yield response in western Canada (Karamanos et al. 2003; Malhi et al. 2003) .
A wide variety of products are promoted with claims to increase canola yields through a variety of mechanisms. Many include plant micronutrients that can be beneficial if sufficient quantities are not available in the soil. Some are advertised as growth promoters while others claim to mitigate plant stress during and after inclement weather. There are product claims to increase photosynthesis by releasing CO 2 near crop leaves. Unfortunately, independent data confirming the putative yield responses of these products are scarce. The purpose of this study was to compare some unconventional and novel products to varying levels of standard inputs such as nitrogen and seeding rate. Specifically, we were interested in comparing these treatments to a standard "best management practice" (BMP) for nitrogen and seed rate.
Materials and Methods
Field experiments were conducted at 14 different Alberta (AB) and Saskatchewan (SK), Canada sites in 2013 and 2014 (Table 1) . At each site a popular canola hybrid (glufosinate-or glyphosate-resistant treated seed) chosen by the site coordinator was seeded in mid-May (except for two sites in early June) on small-grain cereal stubble that had been treated with glyphosate (450 to 900 g a.e. ha −1 ) to control emerged weeds. Unless a Soil boron level not available.
specified otherwise in the treatment structure, all plots were seeded at 100 viable seeds m −2 and fertilized with N, P, K, and S according to soil test recommendations for a reasonable dryland or irrigated yield target for each site (Table 2 for nitrogen rates). Soil test NO 3 -N (0-60 cm) at these sites ranged from low to high, and minor adjustments to the rate treatments were needed when recommendations were very low at the high residual NO 3 -N sites. Seeders included disc, hoe or knife openers on 20 to 30 cm row spacings at a target seed depth of 1 cm. Fertilizer (N, P 2 O 5 , K 2 O, S) was side-banded during planting 2 cm beside and 3-4 cm below the seed row or midrow banded before or during seeding. At most sites a small amount of nitrogen (3 kg N ha
) and phosphorous (15 kg P 2 O 5 ha −1 ) ("starter fertilizer") was placed within the canola seed-row. Herbicides, fungicides, and insecticides were applied as needed across all plots to prevent yield loss from weeds, insects, and diseases. At most sites, 13 treatments were imposed in a randomized complete block design with four replications (a few sites in 2013 conducted by Applied Research Associations included only the first 6 treatments).
1. The BMP treatment was a canola seeding rate of 100 seeds m −2 fertilized according to soil test recommendations (100% fertilizer N rate). 2. 125% fertilizer nitrogen rate at seeding in side-band (see Table 2 ). 3. Protinus seed primer treatment (http://wolftrax. com/products/protinus/) 4 g per kg canola seed. Table 2 ). 9. Precede seed primer (http://www.atpnutrition.ca/ products/precede/precede-canola/) at 6 mL kg between the 5-leaf stage to bolting (https://www. alpinepfl.com/west/products/fertilizer-products/ product/alpine-fortified-foliar/). 12. Boron (Alpine MicroBolt B) 1.85 L ha −1 at the 4-6 leaf stage (https://www.alpinepfl.com/west/products/ fertilizer-products/product/alpine-fortified-foliar/). 13. AGROSOLution CO 2 uptake enhancer 2.5 kg ha Data collection included crop emergence density (two, side-by-side, 1 m rows at two representative places in each plot 2 to 3 wk after crop emergence), days to flowering, and days to maturity. Canola was harvested with plot combines and yield was corrected to 8.5% moisture content. Canola 1000 seed weights were determined in cleaned seed samples. Percent green seed was determined visually at each site using three samples of 100 rolled seeds from each plot. Canola seed oil and protein concentration (8.5% moisture basis) were determined using a near infrared reflectance spectrometer (Foss Model 6500, FOSS NIRSystems Inc., Silver Spring, MD, USA). Not all sites collected all data (see captions in Figs. 1-8). Furthermore, detectable differences in days to flowering and days to maturity were not detected at some sites (the data did not vary); these data were excluded from statistical analyses. Weather data was collected from stations nearest each field site (Table 3) . (2014)] of the 19 site years were not included due to various issues such as seeding and treatment errors, adverse weather conditions (such as flooding), and excessive variation. Obvious data outliers were removed from the remaining sites after they were detected using PROC UNIVARIATE (SAS Institute 2011). Data were then analyzed using SAS PROC MIXED (Littel et al. 2006; SAS Institute 2011) . Treatment effects were considered as fixed effects. Replicate and environment (years and sites) effects and environment interactions with fixed effects were considered random. Given our desire of making treatment inferences beyond study sites, it was appropriate to consider environment effects and their interactions with fixed effects as random (Yang 2010) . In agronomic experiments with limited replication, Type II errors (acceptance of the null hypothesis when it is false) are more common than Type I errors (rejection of the null hypothesis when it is true) (Carmer and Walker 1988) . Treating sites as random effects increased statistical power to facilitate the detection of differences that were not always apparent when analyzing individual site data.
The main objective of this study was to compare various treatments to a BMP. Preplanned single degree-of-freedom contrasts between each individual treatment versus the BMP treatment were declared significant at P < 0.05. For significant dependent variables, when the environment by treatment interaction was significant and accounted for Fig. 1 . The effect of agronomic inputs on canola emergence density (means of 9 to 11 sites). BMP (treatment 1) = "Best Management Practice". The diagonal-filled bar indicates a value significantly greater than the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). Emergence data from High Prairie and Outlook were excluded. approximately 5% of the total environment plus environment by treatment variance, data from specific environments were discussed to help explain the environment by treatment interaction.
Results and Discussion

Canola emergence density
Average canola density across all sites for the 100 seeds m −2 rate was 56 plants m −2 and site means varied The effect of agronomic inputs on the number of days after seeding to canola flowering (means of 5 to 6 sites). BMP (treatment 1) = "Best Management Practice". The black bar indicates a value significantly less than the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). Fig. 3 . The effect of agronomic inputs on the number of days after seeding to canola maturity (means of 6 to 7 sites). BMP (treatment 1) = "Best Management Practice". The black bar indicates a value significantly less than the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern).
from 22 to 81 plants m −2 (Table 4) . Across site emergence varied from 51% for treatment 7 (higher seeding rate) to 58% in the BMP (Fig. 1) . Other studies confirm just over 50% emergence of planted canola seed (Harker et al. 2012a (Harker et al. , 2015a . Given that treatment 7 was a 50% higher seeding rate, it is not surprising that the treatment effect for crop emergence was highly significant. No other treatments influenced canola emergence. The environment by treatment interaction explained 4% of the total environment variation (Table 3) ; much of that variation was due to the unexpected fact that five of nine sites did not detect an emergence difference between the Fig. 4 . The effect of agronomic inputs on canola seed yield (means of 11 to 14 sites). BMP (treatment 1) = "Best Management Practice". None of the values significantly differed from the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). −2 seeding rate (trt. 7) and treatment 1 at the 100 seeds m −2 seeding rate (Fig. 1 , Site compliance, NS).
Days to flowering
Flowering time was not generally influenced by the treatments we imposed (Table 4 ; Fig. 2) . However, at two of five sites with usable data, and for the across all sites mean, less nitrogen in the sideband (trt. 8) hastened flowering time. Canola ends vegetative growth and initiates flowering more quickly when nitrogen is limiting (Brandt et al. 2007 ). The agronomic significance of earlier flowering is limited given the small effect and the fact that limiting nitrogen will usually also limit seed yield. Fig. 6 . The effect of agronomic inputs on % green canola seed (means of 9 to 11 sites). BMP (treatment 1) = "Best Management Practice". The black bar indicates a value significantly less than the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). Fig. 7 . The effect of agronomic inputs on canola oil content (means of 10 to 12 sites). BMP (treatment 1) = "Best Management Practice". The diagonal-filled bar indicates a value significantly greater than the BMP value (single degree-of-freedom contrast, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern).
Days to maturity
Time to canola maturity was not usually impacted by the treatments in this study (Table 4 ; Fig. 3 ). However, like days to flowering, the across site mean indicated slightly faster canola maturity when less nitrogen was applied during seeding (trt. 8); two of six sites also detected a similar effect. Brandt et al. (2007) reported the same effect. None of the other treatments influenced Fig. 8 . The effect of agronomic inputs on canola protein content (means of 10 to 12 sites). BMP (treatment 1) = "Best Management Practice". The black bar indicates a value significantly less than the BMP value and the diagonal-filled bar indicates a value significantly greater than the BMP value (single degree-of-freedom contrasts, P < 0.05). Site compliance indicates # of individual site contrasts to treatment 1 (BMP) in agreement with across site contrasts to treatment 1 shown in the figure: "A" = agreement, "NS" = not significant when across site contrast is significant, "D+" = significant difference (same pattern) when across site contrast is not significant, "D−" = significant difference (opposite pattern). the time of maturity. Although the across site mean was not significant, it is notable that additional nitrogen at seeding (trt. 2) delayed maturity at two of seven sites (Fig. 3 , Site compliance, D+).
Canola seed yield
Seed yield site means varied from 1023 to 5762 kg ha −1 (Table 4) . None of the treatments led to canola yields that differed from BMP (trt. 1) (Fig. 4) . Our results are consistent with previous western Canada research showing micronutrient seed primers did not increase yield (Holzapfel et al. 2011 ). There were trends for lower yield across all sites (P = 0.0528) when nitrogen was reduced by 25% at seeding time (trt. 8) as well as higher yield across all sites (P = 0.0530) when 25% more nitrogen was added as a foliar treatment (trt. 5). Yields were fairly similar between 125% N applied at seeding or as a foliar in-crop. The contrast for both 125% N treatments combined was a similar strong trend (P = 0.0539) for higher yield compared to the BMP and not surprisingly, was higher yielding than 75% N (P = 0.0001). Adding 25% more nitrogen as a foliar treatment (trt. 5) increased canola yields compared to BMP at two of 13 sites (Medicine Hat and Beaverlodge), while adding 25% nitrogen in the side-band at seeding (trt. 2) increased canola yields at only one of 14 sites, Medicine Hat (Fig. 4 the marginal returns from this extra fertilizer was more than $100 ha −1 . Although one of the boron marketing claims is improved canola recovery and yield after hail, the two boron treatments at Medicine Hat in 2013 did not increase yield. The Beaverlodge 2013 yields were unusual: the BMP was statistically lower yielding than six of the treatments and numerically lower than all other treatments. This BMP yield with 100% N is likely spurious since it was statistically lower than both 75% N and 125% N.
This trial was not designed as a detailed N response experiment, which would require more rate levels including a zero nitrogen fertilizer check. The goal for including the 125% N treatments was to assess the value of additional N fertilizer at either seeding time or top dressing, compared to the BMP or spending on unconventional inputs. The 75% rate was included to help determine if the site was N responsive. However, simple production economics can still be applied. The two 125% N treatments averaged 94 kg ha −1 more canola yield than the BMP across all sites (Fig. 4) , while the 75% N treatment was 116 kg ha −1 lower yielding than the BMP.
This indicates that the fertilizer rates studied were in the diminishing returns area of the N response curve. Average N increments in the fertilizer treatments across all sites used for yield analysis were approximately 25 kg N ha −1 . Assuming the average 2013-2014 prices for canola and N urea fertilizer stated above, increasing N from 75% to 100% and 100% to 125% increased net returns by $24 and $13 ha −1 , respectively. The marginal rate of returns on these fertilizer increments were 1.7 and 1.4, respectively. Often, a ratio of 1.5 is used as a cut-off for purchasing additional inputs considering risk and other Environment by treatment interaction variance as a percent of the total environment plus the environment by treatment interaction variance.
factors. Using that cut-off level, the increase in fertilizer N from 75% to 100% was economically feasible; in contrast there was insufficient profit incentive to increase from 100% to 125% N. Thus the 100% N rate used in these trials based on soil test recommendations were reasonable targets for economic N fertilization. All other treatments tested did not statistically improve yield over the BMP, and thus net returns from their use would obviously be negative.
Other recent western Canadian studies confirming nitrogen's crucial influence on hybrid canola yield involved 50% increases or decreases in nitrogen rates (Brandt et al. 2007; Harker et al. 2003 Harker et al. , 2012b . Blackshaw et al. (2011) reported a canola yield response to 50% additional nitrogen for 10 of 20 site-years. When sufficient nitrogen is present at seeding (100% of soil test recommendation), additional nitrogen may be more effective when applied later in the season rather than simply adding more at seeding time. Given slower and later nitrogen release, polymer-coated nitrogen increased canola yields in some situations (Blackshaw et al. 2011 ).
Increased seeding rates may increase canola yield in some situations (Brandt et al. 2007; Harker et al. 2012b ). Such was not the case in the current study (P = 0.3643); only one site (had greater yields at the higher seeding rate (Fig. 4 , Site compliance, D+). However, in both studies cited above, the seeding rates that yielded less than higher rates were lower than the BMP seeding rate in this study (100 seeds m −2 ). Therefore, the occurrence of seeding rate responses depends on the level of the lowest seeding rate. Here, we determined that it was not beneficial to canola yield to increase seeding rates beyond 100 seeds m −2
. An average canola plant density of 57 plants m −2 (Table 3) is sufficient to optimize yield (CCC 2015a) . Approximately 25% of western Canadian canola growers apply boron to enhance canola production (C. Rempel, personal communication, CCC, Winnipeg, MB) . No across-site boron response was detected in this study (Fig. 4) . Of the 12 site-years analyzed where boron was applied at the 4-6 leaf stage, one site had a 14% yield increase over the BMP (2793 to 3178 kg ha −1 , P = 0.0187, Beaverlodge 2013). However, this site had unusually low BMP yields as discussed above. Of the 14 site-years analyzed where boron was applied at the flowering stage, yield increased 13% at one site (2793 to 3152 kg ha −1 , P = 0.0276, Beaverlodge 2013) and decreased 14% at another site (3309 to 2898 kg ha −1 , P = 0.0299, Lethbridge 2013). There were only a few sites that had very low soil test boron (0.15-0.50 mg boron kg −1 soil, hot water extractable, Ahmad et al. 2012) . Soil test summaries have reported that boron-deficient soils are infrequent in western Canada (Flaten et al. 2000) . In a large study of canola response to boron in western Canada, Karamanos et al. (2003) concluded that the hot-water extractable boron soil test is not an effective diagnostic tool for determining boron status. The results from this experiment agrees with previous research (Karamanos et al. 2003; Malhi et al. 2003 ) that significant canola yield responses to boron fertilizer applications are rare in western Canada, and thus general applications of boron are not warranted. There were very high yields achieved in some sites with no boron effect, and this refutes the idea that high yielding hybrid canola is becoming limited by boron in western Canada.
seed weight
Canola seed weights were not influenced by any of the treatments in our experiment (Table 4 ; Fig. 5 ). Seed weights averaged 3.45 g and ranged from 2.96 to 3.96 g at individual sites. Seed weights can be influenced by canola population differences (Harker et al. 2003 (Harker et al. , 2015a , but the effect is not consistent (McGregor 1987; Angadi et al. 2003) . At Beaverlodge in 2013, the higher seeding rate (trt. 7) increased 1000 seed weight from 3.49 g (BMP) to 3.84 g (data not shown) (Fig. 5 , Site compliance, D+).
Green seed
The lowest-and highest-site green seed percentage ranged from 0% to 5.9% (Table 4) . Although the treatment effect P-value was not significant (P = 0.5306), a single degree-of-freedom contrast detected less green seed at the higher seeding rate (trt. 7) versus BMP (P = 0.0306) (Fig. 6) . Treating sites as random effects for green seed data provided sufficient statistical power to detect a treatment difference (Carmer and Walker 1988 ) that was not detectable at eight of nine sites. Although across-site green seed means were below the 2% threshold for canola grade and price reduction (CCC 2015b) , it is important to document that maintaining adequate seeding rates can help mitigate against quality and profit losses due to green seed levels in canola. Others have reported that higher seeding rates can reduce green seed levels (Morrison et al. 1990; Brandt et al. 2007; Harker et al. 2012a) .
The environment by treatment interaction explained 5% of the total environment variation (Table 4) . At one of three sites where average green seed levels were above 2% (Manning 2013), the higher seeding rate treatment reduced green seed levels from 6.8% in the BMP treatment to 2.2% (P = 0.0006) (data not shown). At Lacombe in 2014, where average green seed levels were 0.5%, the higher nitrogen treatment in the side-band at seeding (trt. 2) increased green seed levels from 0.3% in the BMP treatment to 0.9% (P = 0.0003) (data not shown). When seeding is delayed, or low canola emergence occurs, or when fall frost risks are more likely, then the management of green seed levels and subsequent economic returns can be influenced by seeding rates and applied nitrogen.
Oil concentration
Reducing nitrogen by 25% at seeding time (trt. 8) increased canola seed oil concentration compared to BMP (P < 0.0001; Table 4 ; Fig. 7 ). Similar results have been reported previously in western Canada (Malhi and Gill 2004; Brandt et al. 2007; Karamanos et al. 2007; Harker et al. 2012b ) and internationally (Brennan et al. 2000; Rathke et al. 2005) . The effect was not significant at nine of ten sites, but the experimental power gained by treating environments as random effects enabled us to detect a significant reduced nitrogen effect. None of the other treatments influenced across site treatment means.
Protein concentration
As expected, canola seed protein concentration tended to increase with higher applied nitrogen (Brennan et al. 2000; Malhi and Gill 2004; Karamanos et al. 2007; May et al. 2010; Harker et al. 2012a) . Reducing nitrogen by 25% at seeding time (trt. 8) decreased protein concentration compared to BMP (P = 0.0006; Table 4 ; Fig. 8 ). In contrast, additional foliar-applied nitrogen (trt. 5) increased protein concentration compared to BMP (P = 0.0097). Once again, only one to three individual environments were able to detect these significant effects. The trend for increased protein due to extra nitrogen in the side-band at seeding (trt. 2) was not significant (P = 0.2720).
Conclusions
Planting 100 canola seeds m −2 led to an average plant density across all sites of 56 plants m −2
. Flowering and maturity time were both slightly decreased when 25% less nitrogen was applied in the side-band at seeding. There were strong trends for greater canola yield with 25% more nitrogen as a liquid foliar treatment or for less canola yield with 25% less nitrogen applied in the sideband at seeding. Canola yields were economically optimized in the BMP treatment at soil test recommended nitrogen rates. Increasing the seeding rate from 100 to 150 seeds m −2 did not increase canola yield as an adequate number of plants were established to reach full yield potential. Increasing the seeding rate to 150 seeds m −2 decreased % green seed by almost 1%; on the Canadian Prairies this decrease in green seed levels has important quality, grading, and price implications. Increasing or decreasing nitrogen often decreased or increased seed oil concentration, respectively, and had the opposite effect on seed protein concentration. Boron fertilization did not increase canola yield across sites, and thus, should not be recommended as a general practice. Despite incurring additional costs, none of the less conventional inputs had any impact on canola emergence, days to flowering, days to maturity, yield or quality. Growers should be careful to ensure that canola seed and nitrogen inputs are optimized before they consider paying for novel or less conventional inputs.
